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AA
The purpose of this project was twofold: flrst, to documeut the

evolution of atomic clouds during the TEAPOT series in ordsr týo ,, e
the rate of rise, maximum height, vertical depth of mushroom, dimen-
sions of stem end volume, for a period up to 0 min after burst when
photographically feasiblc; second, to correlate the meteorological data
with the available cloud data on past Nevada test series as wall as the
TMAPCT series. Operating comands, in particular the 3trategic Air
Cevs.a 4eneee Iemsd, have iiTfFtd a need> !- such in-
fomasii rs•tiv. to offensive -od defensive tactics.

Photogrnphic data were collected and analyzed by Edgerton, Germes-
hausen & (Wier. Arm Yap Servllvz. participated in Shots 10, 1U, and 12
to check out a photographic mait -d of cloud volume determination by a
stereoscopic procedure. The U. :;. Weather Bureau and Air Force
Cambridge Research Center effect.ea the correl•.Uno of cloud data with
atmospheric parameters aad made 4.1,odolite obsa uationu, of cloud rise
and height on each shot. Sbratojic Air 3ommand (Project 40.5) photo-
graphed the rising clotud from directly above tin ,.rst at shor' time
increments after H-hr.SPhotographic and theodoli,- data were colleoted on 14 shots. An-
alysis of weather parameters affecting cloud heights attained doin5 not
suggest any clear-cut definitions with the exception of the trorvpause
dampening effect. Application of current theories has been iavestigated
and the results compared. ,2

Army =,sp eernoe voll nalysis was not. feesibi. on the high alti-
tude shot beeaus o lach rf dpsity of the woke ring. Volue analysta
we not Ccasible on .ot 11 (po~dawm) because of lack ot light. On Shot
lZnoeymthronieetioen of-photo Ais did not permit a feasibility
eveicniZTC

3



PCREWORD

This is one of the reports presenting the results of the 47 proj-
eats participating in the Military Effects Tests Program of Operation
TEAPOT, which included 14 teat detonations. For rerders interested in
other pertinent test information, reference Is made to WT-l153, Z j

ot of the Technical Director, l~litary Lfects Program,. This sam-
ary otncludese the floWing information of possible general

interest.
a. An over-alU description of each detonation, including yield,

height of burst, ground zero location, time o: detonation,
ambient 4tmospheric cortditionoi at dctonatiin, etc., for the
14 shots.

b. Discussion of afl project results.
c. A summary of each projv,-nt, including objectives and results.
d. A complete listing ot' reports covering the Military

Effects Tests Program.
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C.APTER 1

INTRODUCTICN

1.1 OBJECTIVE

The objective of the overall project was to accumulate complete and
accurate cloud data and correlate these data with yield, height of burnt,
and meteorological information in ordr, to derivy general ruleE relative
to the evolution of an atomic ole'4. Operating commands, in particular
the Strategic Air Command (SAC) and tie Air Defense Command (AmC), have
indicated a need for such infoniaLijn relative to offensive and defen-
sive tactics.

1.2 BACKGROUND

1.2.1 Past Cloud Mea!urementes, 1½otmi

According to available reports, initial collection of atomic
cloud rise and height data was au anpjed at the SAifiTONE tests (April,
1948) by means of manually controlled theodolites. I/ This proje&. was
organized by the Task Group with the cooperation of the .ir Force, Navy,
and Weather Bureau.

Dutrinb the RANGER series (Jan-Feb, 1951) toe Air Weather Service
(AWS) made additional theodolite measurements documenting cloud rise and
height. j1

In April, 1951, during the GREENHOUSE series, cameras were first
utilized to accumulate cloud information, and a theoretical study wea"completed by Kellogg, et al. 2/

[wring the BUSTER-JANGLK series (Oct-N•v, 1951) further theod-
olite measurements were completed by the AWS ý/, and Edgerton Germes-
hausen & Grier (Ei&G) used camera equipment for cloud dociuentatinn
from stations less than 10 miles from burst, point.

During the TIHLER-SNAPPER series (April-Ity. 1952) the A..1 again
made cloud measurements by means of theodolites. V/ Because of the low
priority to cloud information, photographs by EGG~ were taken only for
30 see, primarily for an Atomic Eergy Cocmmssion (AEC) interest rather
than total cloud evolution.

In November, 1952, at the IVY se-•is, EG&- utilized cemerps
based on land, ships, and aircraft to document the ol. .. d history. 9,2/

33
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Daring the tWSHUT-KNOTHOl.F. teats (Mar-Juu:, 1953) both the AWS
with theodolites V and E&G by means of camera stations, 2/ documented
the cloud growth.

On the CASTLE 3eries (Mar-thy, 1954.) EChO again used lang-, sea-,
and aIr-based caneras to obtain photographic cloud data.

1.2,2 Fast Cloud Measurements, Evaluation

In correlating the existent cloud data, it was believed wise to
consider initially the Nevada Teat Site (NTS) data exclusively before
including the Pacific Proving Grounds' cloud data, the bulk of which is
in the megaton yield category. In reviawing the available records of
cloud data collected at the Nevada site, it was discoilraging to note
that only nine shots out of greater than 30 de+cnrtions offered coc-.
rise and height data which could be considered re)liable. The definition
"reliable" would depend upon the applicability of the data for a corre-
lation study of effects of yield, hW.,: of burst, and meteorological
parameters on the cloud evolution. The major reasons for the paucity of
data were as follows: (1) single camera ntaticr, data did not offer auf-
ficient reliability, primarily dun to n, drift e.-rectiun when tic cloud
vectored toward the camera; (2) th-rdolite data did not afford suffici-
ant accuracy because of manual operatios; and (3) when both the camera
and theodolite data were available, iu some cases, there were large dif-
ferences in data valuis.

In report AFSlr 501, the l1,ar relationship of the cloud height
vs log yield is presented for all .Tots prior to t - %,ring 1953
series. 12/ After adding bPSHUT-1Lr, dOLE datk Zased upon AWS and !CCG
records, the standard error from tih above curve was 4300 ft.

Thus, it was apparmnt that thorough and acarate cloud dot., were
required to permit a careful analysis of the importance of meteorological
effects and initial conditions on ,ioud evolution.

1.3 THEORY

1.3.1 General Considerations

The evolution of the ¼'pbilized atomic cloud, whilr ti e l, must
obey the physIcal laws governinZ! the heat loss and atnosph , processes
which determ.ne the history of a heated bubble of air. In particular,
it is likely that the main reduction in tnmporature in the fireball
stages rezults from radiative loss and that the atmosphere plays essen-
tially no role duri,'g these early periods. 1he atmosphere becomes im-
portant in reducing the mean temperature of the cloud in three ways:
first, in producing an expansion of the atomic cloud as it rises; secund,
in providing cooler air to entrain into the atomic cloud, a I thl. in
determining the rote at which the atmosphere reduces its bh aray. The
decrease of pressure with height is Almost the some for all .,tmospheres
aid, at present, it is felt that the cloud, rather than the atmosphere,
determines how !inch air Is being entrained. It is noly in r'spc't to
the third item (which is essentially the at:nosphere's lapse rats ,C tem-
,erature) that there is a real variation, from shot to ,. The r,bable
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control of the atilosphere jver the maximum rise of the atomic cloud
throu,;h the lapse rote is illustrated by lart , ntmbers of clouds which
stop at the tropopauoe, by the several low-yieLd shots which stopped
at inversions in the troOsphere, and by the horizontail layers of the
stemr material 13low stable layers.

T-.Li discussion mentioned above is, otrictly epemaing, appl'oable
to a dry atmosphere. The moisture (in vapor '-,ate) entrained in the
lower levels is of the order of 1 to 10 grams per kilogram of air which
condenses at the lower temperatures of the upper atmosphere to release
about 600 calories of heat for each LTam of w ter vapor. For Nevada
shots the releases of this amount of heat probably does not exceed an
additional 0.1 KT of energy, but, In the case of Paciflc shots where
the moisture content of the air is much high r, thie may be much more
important.

In describing the evolution of an atomlo cloud there are many
features which are of interest. An-.u th.csa are: the absolute top of
the cloud, the top of the body ri the clou,-d, the center of gravity of
the mushroom, the base of the mushroom, the bases and tops of lhyars

(if any) of the stemr, the width of the mushroom and stem, the volume
of the mushroom ean stem, and tUe delineation of the radioactivity

within the visible cloud. Unforlunnmtely, only the top of the cloud has
been systematically observed duini; oich of -e tests. The other items
have been investigated during only a limited number of the shots. Con-
sequently, theories have been pro,-Igated and tested on the maximum
rise of the cloud only.

Two reasonable approaches ,o the predict-or of cloud heights are:
first, one can develop formulae wnion purý,a- to express the physical
processes involved in the rise; oan second may compute regression
equations in which certain meteorological .umation featerea are

the independent variables.

1.3.2 Current Theories

Two ways in which one might predict the maximum rise of the
cloud are: First, one might attempt to determine the elevation at
which the cloud and environment are at the suit temperature plus as-
suming a negligible amount cm "oveshootinr" of the level o. no further
buoyancy; socond, onr. nigh'; a~sso,. that the ;loud height attained is
equal to th.: computed upward motion. While the lotter approach appears
to be far more reasonable, it requires a knowledge of the resistance of
the atmosphere to the upward motion of the cloud mass, a feature which
is known very imperfectly.

There are in existence three published theories of the maximum
rise of the cloud, two of which yield similar reculta.

(1) Taylor L7/ has suggested a theory in which the rote - on-
trainm , of air into the surface of the cloud is represented by au,
where a is the eptr-nitoent factor and u is the upward speed of the
cloud. Siddons ±29 showed 'how the resistance of the air enuild be in-
corporated with Taylor's formulation of the rise ef a heate.d bubble.

(2) Sutton 10/ prepared a theory of the rico of a cloua oased

on his diffusion theory.
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(3) Yachta L/ devised a formula of the maximum heighL assuming
that the percentage rate of entrainment per unit height is a constant
over a given height interval.

All of the theories incorporate the effects of the expansion of
the cloud as it rises through the use of the potential rather than the
actual teaperature.

Table 1.1 gives the formulae of Taylor, Sutton, and Machta for
the maximum rise of a heated bubble through the atmosphere. Column I
gives the formula for the height at which the cloud is no longer
buoyrant, whereas Column II provides the height at which the upward
velocity ceases.

It should be noted that only the Taylor resistance equation in
Colmon II incorporates the resistance of the air to the rising cloud.
The Sutton and blachta* formulae do not. Further, the value of nc "mred
in Taylor's formula must be admitted to be quite uncertain.

It is possible to compute the height of the cloud in etepwise
fashion to eliminate the nred to koop such quantities as the density
constant through a great depth of the atmosphere.

All of the formulae suffer from a lack of knowledge of the resid-
ual energy of the c.soloaion which provides the heat for the buoyancy.
The Taylor and Sutton formulae alr-et4 have converted this energy into
a temperature rise which has not been done in the Yachta formula. In
each of the formulae there is one .Z,.in quantity which determines the
rise. This is the entrainment: a ,n the caee of Taylor's formula, C
in the case of Sutton's and M/14W z in the case of Machta's. In each
formula this quantity dominates &..- others, and "7 each case, it is
felt, the applicable value is proiluly known w'tn great .acertainty.
Each formula derives its entrainmen.t rate from other measurements of
atmospheric phenomena and the authors show that ýno.h of thie reasu.ting
answero is not unreasonable, it might also be pointed out that te
exponent in the Sutton equation f-r reasonable values of the pertinent
parameters is about the sure as that in Taylor's eýatation.

One should expect the heights achieved by the form-ulae in Column
II to be appreciably greater than those in Column I, sinme ine cloud
still has an upiard velocity when it no longer is lighter than tlie en-
vironment. While it must be true that the cloud "overshoots" the level
of no buoyancy, the nagnittid of such overshooting is not felt to be
fru 20,000 to 54,00( La as one computation of the two Taylor equations
indicate. 1n Nevada, the sinking of the cloud within the first 15 min-
utes after initial stabilizction rarely exceeds 5000 ft and part of the
subsidence of the top nay be due to factors other than the overshooting
(e.g., sinking of particles, descending atmospheric motion, etc.).

Certoin general monclusions can he derived from all of the
formulae:

(1) The cloud rise is sensitive to the entrainment and io less
sensitive to the energy yield of the device or temperature excess of the
fireball.

The maximum rise of the cloud using the level of no further x•otion
was not promulcatod by Yacht• •ur gSoton but is give:- in Ref. v,/.

16

SECRET - RESTRICTED DATA



(2) The main defect in the use of motion, rather than the level
of no buoyancy as the measure of maximum, height, lies with the lack of
knowledge of the resisting action of the atmosphere. The heiCht pre-
dicted by the formulae at which there ore ao longer any buoyancy effects
is too low, bt who her this is a thousand feet or sc as the present
authors helieve, or 24,000 ft as deduced by Cohen, EJ/ is olll unproved.

(3) The formulae would more correctly predict the teight of the
center of the mushroom rather than the tops, even though many of the
verifications have been applied to the cloud tops since these were all
that were available.

TABLE 1.1 - Application of Theory of Cloud Evolution by Taylor,
Sutton, and lichta

Column I Colun II
(Buoyancy) :Vertical Velocity)

Taylor 11 -. r II F 1/4

r_ Ji(7 +Cp/2o 1
Taylor-resistance LrpoiG3 (3+Cv/20>1

2/0m +e2p)
S3 2p)i -21(3 - [26(31+,. .n -

L4 rP•C4pI le)rpo-C
3 R(Je+2)p J

[act 1i logs 5
8 Solution of Equation: . .

I• _. ~o~ lo. i+ ---- • - e-

O0 dz v

Where H1 height of ulouu above level at which 'ireball radiation
effects tecome negligible

E heat energy available to raise the temperature of the clo',d
for buoyancy

g acceleration due to 6ravity
p density of cloud (a mean value along the cloud ascent)
S potential temperature lapse rate of the air
a = entrainment rate of Taylor's theory (t.2)
CD

0 
drag coefficient (suggested value in range 0.5 to 1.0

O a stability factor in Sutton's diffusion theory (suggested
value 7/4)

a: specific heat of air at constant pressure (0.25 cal/gilf)
p a exponent in a formula for potential temperaturL Ora-..enU

which is of the form zP (orc-nally pa l)
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(l/1,( 3 1J/ z) percentage rate of mass M entrainment par unit height z,
a conntant

potential temperature excess of cloud over environment
at time when radiation effects are negligible

U(o) upward speed at the level at which the radiation no
lozager is important

eo potential temperature at level at which radiation
effects are negligible

To solve the integral in Column II, use

Ae= eo+ 1 e -. a14 -.-P,' a-• •

1.3.3 ilopirical Formulae

If one has mLay cases of the rise of cloudo ui4er different
weather conditions, one may select the most likely feature of the at-
mosphere and the physical parameters which determine the maximum rise
of the cloud and empirically deteriLina a formula which predicts the
rise. The AWS group at Los Alas-s .:entific Laboratory (LASL) has done
this with the following results as cf the present.

For 1 to 10 KT shots both towrer and air auarsts*

Y : 17 , 2.16XI - 5.43X2 + 0.34x3

where Y . amount of rise of cloud riCO0's of ft)
xl3 yield in kilotons
x2: departure (in oc) of actual lapse rate from tho adiabatic

lapse rate (mean of 50-mb increments) from 850 mbs to cloud
top

x3= mean wind in knots in layer through which cloud rises

For aii bursts (i0 to 60 KT)

Y = 29.73 - 0.109sxI - 0.0724X2 - 1.768Tx 3 + 2.1863x4 -
0.4852x5

For 300-ft tower b rets (10 to 50 YT)

Y - 31.9436 + 0.0202r, - 0.0849x2 - 5 3230x3 + 0.5767x4

where Y : maximum height (1000's of ft above NSL)
XI= yield in kilotons
xZ- mean wind in tnots from 10,000 to 35,000 ft in 5000-

ft increments

SUcwgarden and Spohn, LASL, unpublished.
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x3 departure (in 0c) of actual lapse rate from the
adiabatic lapse rate (mean of 51-mb inoremento) from
600 to 400 nibs

x4 height of tropopause (1000's of ft above %SL)
X5 height of burst (O00o's of ft above ground)

T dofza 'a-, '.!,. use of empirical formulae are twofold: first
the parameters which are used in the regression equation, while probably
applicable, may not necessarily affect the height in a linear relation-
ship, and second, the regression equations use only the easily deter-
mined meteorological parameters rather than such terms as entrainment
or superheat, directly related to theoretxoal endeavors to solve the
cloud rise problem.

In the present state of atomli clouid-toy predictions, tVrre 1-
definite place for regression equations, but they should he used with
caution and modified when cuntradictory to the sense of the theory.

1.3.4 Past Data vs Theory

Data co,ýcrning cloud evoluticon collected through the spring of
1953, at Nevada, do iQt appear to aupoert the theory except when viewed
in a broad picture. It is to be expected that, since meteorological
conditions are selected at randca! with respect to cloud evolution, one
ought to find a clear increase In cloud height with yield. 'econdly,
there should be a predominance o clouds which stop slightly above the
tropopause, since the stratosph-i-c stabiliqj :hould inhibit further
rise.

Prior observations do, in fact, show that devices with yields
over approximately 15 KT rise appreciably higher than those below
approximately 15 KT. figure 1.1 indicates past cloud rises compared to
yield. In the lower range, up tM 15 KT, the theory is qualitatively
verified by a general increase in cloud rises with yield. However.
above about 15 ;T (and up to about 60 KT) the data suggest that the
amount of rise of the cloud top is almost independent or the yield of
the device. In fact, the Amount of rise in this yield range ýppears
to be uncorrelated to anything thus far studied. This condition re-

sulted in the curious fact that the use of a fixed altitude (i.e.,
average height of tL'oopuiaaej as the stopping point fur UI'HOI-RNOTHOLE
clouds in the 15 to 60 NT range was superior to the existing regression
equations prepared from pre-UPSHOT-KIOTHOLE information.

Stud of the relationship between the tropopause and the maximum
rise of the cloud in this range of yields improved the situation only
slightly. Above about 40 KT all cloud tops entered the stratosphere
by the same amount, while below 40 NT the stratospheric pe•,etration
failed to correlate with yield.

It is felt that there probably does exist same significant con-
trol by the atmosphere on the maximum height of the clouds accounting
in part for their differences. A review of the probable reasons for
failure to detect any such control suggests the poor quality of the
cloud evolution observations as the cause.
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1.3.5 Special Case

One of the most interesting shots of the TEAPOT series, relative
to atomic cloud growth, was the 36,600 t 300-ft burst of a small KT
weapon.

Slica it was anticipated that the burst height wotld pince the
weapon in the stratosphere rather than the troposphere, two new condi-
tions were now introduced: (1) air density was lower by a factor of 4
compared to surface conditions; and (2) the atmospheric lapse rate be-
came almost isothermal, resulting in far greater stability.

Primarily because of the sampling problem, much interest was
directed to the anticipated maximum cloud height. Meteorologically,
the problem was fascinating because of the new env!.ronment of the
stratosphere in which the atomic cloud would evolve.

Kellogg of the Rand Corporation, at the request of Air Force
Cambridge Research Center (AFCIC), considered thin problem. Y2/ An as-
sumption was made that the firehell radius is inversely proportional
to the air density. In this case, greater heat would be iftd up ini-
tially to heat the reater mass of air and the initial vertical accel-
eration would decrepme. In addition, the previously mentioned l'ohta
equation (Table 1.1, Column I) was ittilized. The entraLiment factor

a a is relatively insenaitiye to yield and can be given a numeri-
cal value of 2 x 10-

3 
to 3 x 1O-J. s stabi.jity team () is well

known in the stratosphere and equal ý 10 x 10)'m-.L The possible range
of initial superheat ( A 6 )o is q"te large and probably varies be-
tween 6000K to 2000oK. By further simplifica•ior cf the above equation,
a raLio is cet up comparing troproszh-ric with strnosphor> terms. The
results suggest that the cloud would rise 0.80 to 0.88 as high at 40.000
ft as compared to near svface detonations. This result auggeets that
a 2 KT bomb burst at 40,000 ft would rise to 48,000 ft (center of cloud).

Another similar effort to rilve this problem resulted in a meet-
ing at the AFCRC in June, 1954, attended by the U. S. Weather Bureau
and AWS representatives. Consideration was given to the Stton and
Taylor formulae in Table 1.1 using as a reasonable approximation

0.25II~1
In comparing the heights to be attained in the troposphero and

stratosphere, the yield term E can be neglected since it remains con-
stant. By inserting numbers for the other terms involved, the ratio
becomes 0.88, quite similar to the Kellogg approximation. This again
suggested that the high altitude burst would not rise as far verti cally
as its lower counterpart.

The above estimates are based crimsrily on the effect which the
stability and density of the atmosphere will have on the rising bubble
which in given a fixed amount of heat energy. However, according to
Kellogg, &j the dimensions of atomic clouds detonated at dtff.sxýýAt
pressures should be corrected for the w,.ýt which the fireball mug'. 'o
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in expanding against the environment. This correction is inversely
proportional to the preseure at detonation level. If the high air
burst is exploded at asout 40,000 ft (or about 200 millibars) and is
to be compared with tower or low-level bursts in Nevada at a height of
abuaL 4500 ft ',r about 860 millibars) then the ratio 860/200, or
about 4 choulo be applied. This correction was not envisageo. when
planniug estimates of the high air burst r s ,,rc pra.-red and compar-
isons between observed and calculated heights it• this report are based
on its omission.
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I

MAPEr~ 2

2.1 EDWI2CE, aERIM&IAUSO & 121 PAIICIPATIOU

Edgerton, G67nasausen & Grier ptotogrpabd the atomic cloud an
each detonation in m-dr to deter.c tine following paraemtere: cloud
height, rate of ri.s, vertioal depth cC mushroom, dimension of stemp
and volms.

2.1.1 Instrwuntation and Equ.±iX 'nt

One Bel and Howell 35 un StAtion 9.4L c.- l-eton Peak
TWO 70 ma came= and

*One A/6 35 in I Station 9.4b at hxgovsa

ans Bell and Howell 35 um
*One Ael/6 owl 35 am, I StAtion 372 near Control Point COP)
*Disconti-med after first shot because of unreliability

Approminte
2.1.2 Location of Camaa Sites Latitude Longitude L*:ttion

Station 9.4a - Charleston Peak 36°-19.1 l1506-..4.5 5' 48 dlem SP,
of '

Station 9.4b - Amrgoesa 360-2.,01 l6o.-26.31' 50 miles SW
Of CP

Station 372 - near CP 360-56.21 116
0

-C04,2' 1 mile W of
CP

2.1.3 Operatioes

Three enaer-a locations woee operated by EO& to aecuxula-
phetogral data for. Proecet 9.4.(tri Station 372 %also collcted fireballnd cloud data for

AEC Projects 15.2 and 2.2). At this station two 35 = oamarre, having
focal lengths of3 02 and 50 mm respectively, were ,.w at 2.4 ryv° 2
fraesn per second (fps) for 4 and 10 u:teas respectively. VV, 'ý le
leses were utilized t* see an high an possible.
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(2) Station 9.4a (Charloston Peai). One -6 caera, fuc"l
length 102 cm, wsz run at 24 fps for 4 minutes. The Bell and Rowell
rcamra, focal length 50 so', was ron I fps and 2.4 fps for 10 minutes.
Both 70 mm cameras, focal length 105 mm, wore run at I protograhi every
15 weconds for 40-30 minutes.

(j) Station 9.4b (Amargosa) same as station 9.4a.
All stations were radio linked and were manned. Camera timers

documented the cloud rise on each frame of the film. Apertures were
mnuaOly adjusted on the cameras during the cloud evolution to compen-
sate for approaching daylight. On daylight shota, some 16 mm kode-
chrome film was used as added documentation.

The angle subtended at &od zero by the Charleston reak and
Amsrgcam stations varied from 550 on Shot 4 to SC,5 

om Shot 12, general-
ly about 600 on the other detosations.

Station 372, near the Control Point, wa• of value for early,
cloud rise photography. The Charleston Peak (9.4a) and Amergosa (9.4b)
stations were of more value for documceting the latter part of the
cloud rise and also for determining horizontal drift of the stoart
cloud.

Complete ,1sLs1ls of coaoros, laeslo, c-ctin,- and fil~z vtsecI
can be found in EMG planning re:'aut 1177 and post TEAPW film data
sheet catalog, EG0G report LV-293.

2.2 62f YAP SERVICE PARTIC lATS .2

Arq +,akp Service participatdi Wn Shots 10, ., 12 of this
test series to determine the feazibility of mmo"asnlg clot volume by
photoGrasmetric procedures. The "uthod applied is a modification cf
methods used in aerial s"d terrestrial photogr&sL.utric r.apping. & pair
of overlapping photographs are obtained from two camern paitaons.
When oriented in a precision pho. nunmitric inatvrr•nt (Zeiss Stero-t granph) a scaled, visual, three dimensional model of all objectc

in this case a section of the cloud) within the overlar area of the
photographs iS obtained. The instrument provides a method of convert-
ing this model to an accurately scaled graphic portrayal, on P owo
dimensional medium with the third dimession indicated by contour lines.

Diagram af Projection of Visual Model Iaproduced
Test SiMe xodel In Stereoplanigraph on Two Dimen-

Cloud sional hiadiun

6 Ydles

Camera 1 Comers 2 Scale l'n-.l Third P1ensinn
Indicated by
Contours
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F.gm this Ulgiran of the cloud the volume of the section of the cloud
my be comnpted essit3. To deterrdne the complete voalu of the cloud,
several camres wouM have to be placed aoend the cloud. As this as
a feasibility test only, a mximan of three cameras r planned for
u28 Urf each Gtt.

2.2.1 Planed, Test Procedure

initia- discussions regarding lAr Mp Service participation
and a general plan of operatiows m hold an 21 Septuche 1954 with
representatives of Air Force Caebridge Researeh Center am the Ared
Forces Special Weapons Project. Final plan vere prepored by AM ,ith
adveice and guidance from A ,CRCp ioclling esos ladioatio of the A'
ncaoty requirements at the UTS. Studies and earpaerlmrt were " ,ric*ed
at MS to deteridne the camera equipmet to be used. The equipmanwt
selected by MIS for use van:

3 iyfe T-fl Aerial llepydng Oscares (selected foe nmodSrm
operating characterietics)

3 Camr Muts (manufactured at AM)
3 Vacus. "a. p ( atured at MI)

two

1. T-3f Camara 3. Timer 5. Generator 7. * alkie Talkic

2. Suction Pump 4. Battory 6. Radio 
t
o PP

Fig. 2.1 AMI (lzwrn Site
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It wao agrsed, after it výs found that AEC haI strict 2='itn-
tiors an land lines, tent OCrG wouxi furnish suitable radio equipyent
for synchronized triguering of the cseros. The ecuipeet furnished
included:

Ore tru.smi•tter (operated by EIG)
Si- 14btorola FMRU-14V, I-D receivers

Throe -10 volt units were used for voice count-down
Throe 6 volt units were used for triggering cameras

Three 3l0 volt generators
Three Two-way, w•ilde-talkies
Three 6 volt batteries
Three camera station cites ver chosen iron 1Zl topographic

maps of the NTS for Shot 10 and three for Shot 12, Office selection
of asLtios for Shot 1i weo not solc ac this tst wato 60dct0o=',,
image quality only. Exposures were planned at 5 see intervals with
the first ewposure scheduled at zero haur. The cameras would remain
in operation until the filn supply (200 exposures) was evcausted.

2.2.2 Field Operations

2.2.2.1 •,ht 10

The three cameras were rantnled on the station sites select-

ed. The geograpi•c positions w•rs as follows:

l•-itse Lr.nitude

Canera 372 3C"I&.2' f16
0

a 2'
Canerer I 3b"57.4' 3.1-

0
59.','

Camera 2 36057.43 116908.51

After installation, a checic of the radio synchronization
system was carried out with satisfactory results at all stations. Due
to safety requirements only one statior us Masned during the shot.
The radio triggering system failed to activate the casnra at thi-
station durirn the actual shot, possibly due to signal interieronoe, so
the camera wua operate iranually to obtain erposures nt appro•gaLctely
5 sec intervols. Tt wnn I!ter determinid thet one of the tum iLier
stations wor succe: 3fully triggered by radio but no exposures were
obtained at th' lird station.

2.2.2.2 Shot 11

Shot 11 (predawn) was ptotoaTapbed fron one mnaned camera
station. The radio sinsal again failed to trigger the camera so n'era-
tion ws manual. The personnel rnnning the station observed the Laht
intensity aft:r the shot to judgo the possibilities of obtaining a good
photo L-ztge aW found the light very inadequate.

2.2.2.3 Shot 12

The cameras were inetalled at the selected sites end tested
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.or radio triggering. Ho sigial was received at two of the three
stations so selection of new stations was required. One of the new
sites was required by AEC to be unnonmed, a double crew vas required
for the second site and the third site was approved for a single crew.
Intermittent signals were received at the stations during a dry run but
new stations could not be selected due to lack of t.ie. TI.a radios
taild to trigger the cameras during the shot so two cameras were
manually operated. The camera locations wore:

Latitude Longitude

Shot 12 East 36042148.5" 115054•47.2"
Shot 32 West 36043105.3" 3.15581I4.7"

2.3 STRATEGIC AIR COaI•iWM PARTICIPATION

As part of the Strategic AJr Coamend's orientation and training
program, two B-47's wore flown over gruund zero, at altittden of
.,2,000 ft and 43,000 ft, at 2/2 and 2 min after brat (rToject 40.5).
Participation occurred on Shots 4, 8. 12, and 13. The purpose of the
above flights wa, to .totoraph the top of the rising clod. This
information would assist the .oapi which were ana2ysing specific
poramters. KA 3 cameroa, two frawas per second, positioned on the
belly on a vertical exzs were used for the photograpyb. On predawn
bursts, the aircraft was f? own P west-east heading to take advantage
of any available daylight.

2.4 THMODOLITE IEASURS flNTS

In order to evaluate better the accuracy oi past thecdolite data,
thoodolite measuremento on rate of rise and maximum cloud height were
taken on each shot by U. S. Weaci.qr Bureau (USMr.) and AFCRC personnel.
The theodolite was located at the north fence of the Control Point for
all shots, except Shot 10. On Shot lO the location ".cJ on The French-
man Flat access road so as to provide a longer bane line for IsMe high
altitude shot. On praedawn bursts, in some instances, it was difficult
to delineate clearly the cloud during the first udits. In these
cases, a clinometer was usý! to apprsomate the height atteinod by the
cloud. Correction for wind drift was applied to the theodolite read-
ings to determine actual cloud top. No correction was made for the
fact that the actual cloud top was not always being measured, since the
edge of cloud obscured the top from the point of observation.
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CHAPTER 3

TEST RESULTS

3.1 Shot 1

3.1.1 Edgerton, Germeshausen & Crier Photographic Analysis

Low cloudc prevented the use of Anargosa and Angel'. Peek camera
stations. Station 372 (near the Contrrl 'oin0) data were used Lo plot
Figs. 3.1,* 3.14, and 3.1b.

3.1.2 Aircraft Reports (Sao Fig ).I)

Sampling aircraft, Air Forc, Special Weapons Center (AFSWC), re-
ported the following cloud data: . 4 15 rin - t.jp of cloud, 17,500 to
18,000 ft with peaks at 20,000 ft1 base of elotd, 14,50C :t.

3.1.3 Theodolite Dltr

TheodoliLe Location: Control Point
Horizontal 4ange: 56,147 f6.
Bearing: 9.7580
Burst Height: 4957 ft ?ISL

TABLE 3.1 - Theololite Data, Shot 1

Time Elevation lorizontal Distance Cloud Mclit
(eiit) Angle (ft) (ft MSLt

0.0 - 56,147 4,957
0.5 5.0 56,147 9,055
1.5 3.6 53,500 11,737
2.5 12"5 50,000 15,2253.G 14.1 4,;'i00 16,146

. 46,100 16,924
4.0 17.4 44,200 18,147
4.5 18.6 42,450 18,00o
5.0 19.7 40,800 18,273

Fig. 3.1 curve is coritructed as Lht best fit curve from coo" utod
points not indicated on this chart.
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2Tp

•- oAircraft

-I- . . .

1 2 3 4 5 6 7 8 9 10 15 20
TIME ,MINUTES)

Fig. 3.1 Cloud Rise vs Time, Shot 1

3.1.4 Comparison of Cloud :.eiF-h. Observations

There does not appear to 'in good agreemepn, ou *.,&.nunms height
reached. The fact that the photographic analysis wao based upon a
single camera station does not jostify the usual validity of thp pho-
togruphic analysis.

3.1.5 Weather Dita
Clouds: Broken (6/10 - 8/10) 5000 ft
Visibility: 15 mi

Weather: None
rhot Height - (4957 ft 14SL): Temperature, -.5,50C; Presoure,

P/,( ,'b Potential Temperature, 2',lOK
Pse':do-Adiabatic Chart. See Fig. 3.2
Wind Speed and Direction: See Fig. 3.3

3,1.6 Comparison of Cloud and Weather Data

According to past data (Fig. 1.1) the cloud rose a few thousand
feet above the expected height. 

T
he lapse rate (interpolated) fnr shot

time indicated ý relatively unstable layer to 15,000 ft (tendinI Go
ilcrease the cloud height) and a strong inversion from about 15,000 to
1h,000 ft which should huve been effective in slowing down the rise of'
the cloud. A stable layer above the inversion to 22,000 ft should also
have acted to dampep the cloud rise. A consistent wind dii ctPoA, 'bove
10,000 ft and strong vertical wind sh-'r should have acted to d' oraase
the heigtf, atfained b' the cloud.
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3.2 SHOT 2

3.2.1 idgerton, Germeshausen & Grier Phtougzrphlc A•-ysei

The cloud height vs time curves and diameter, Figs. 3.4* and
3.4r, weec calculated as a result of measurements made or orinsl
negatives from cloud tracking stations at Amargosa and Mt. Charleston
(Angel's Peak). Drift of the cloud wee determined by trisngulation
(Fig. 3.4b).

3.2.2 Aircraft Reports (See Fig. 3.4)

With the assistance of the 4926th Samplina Squadron, the follcw-
ing cloud data on this shot were obtained: H 4 10 min - Z4,280 O M6L
top of cloud, 17,000 ft MSL base of cloud; H + 20 mn - 24,000 ft top
of cloud; H + 48 min - 17,000 ft base of cloud, tail lowering to 15,000
ft MSL.

3.2.3 Theodolite Data

Ttjeic!lite ocation: Control , (4,14U ft MSL)
Horizontal Distance to Burst Point: 42 402 ft
Bearing to Burst Point (froni theodolite): 13.3280
i1ewtion of Burst: 4325 ft 1SL

3.2.4 Comparison of Cloud Heigh. >•.rvationz

Figure 3.4 indicates good aireement on reported maximam height of
cloud as reported by photography, Lheudolite, end aircraft. The rats of
rise from the theodolite reading appears too extreme with no apparent
roason. One possible explanation would be the predawn shot time, making
it difficult to record accurately ýie initial theodolite readings.

TAHOE 3.2 - Theodolite Data, Shot 2

Time Elevation Horizontal Distance Cloud H%,I L
Tmine Ange (ft) (_ft __

U - 42,402 4,)25
1.3 5.2 43,600 8,20U
2.5 23.7 40,500 22,000
3.U 25.6 40,000 23,500
3.8 26.8 39,250 24,100
4.5 27.6 39,100 24,700
5.0 26.9 39,250 24 ,00
b.6 26.2 40,250 24,1,i00

7.0 25.5 42,100 24,500
9.5 ;1.a 49,800 23,600

• Fig. 3.4 curve is constructed as the beet fit cur-;c from .ompuiýd
points not indicated on this chart.
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TAILE .. 3 - Theodolit, Data, Shot 3

Tine 2.Lvation llorizontal Distaiui. -'u4 heigh
(min) Angle (i't) U't I Mj

S- 69,400 4, 5uI.
1.5 ±.O 69,250 16,h00
2.0 12.u 69,4w0 18,900
3.0 14.0 69,200 21,300
4.0 215.5 69,luu 23,300
5.0 17.5 68,g00 25,900
6.u 19.3 69,iOO 28,400
7.U 20.0 69,500 29,300
6.U 2U.3 69,751' , JoAu
9.U 42.4 70,500 30,4OO

.1.0 20.1 71,200 30,300
12.0 19.5 72,00i 29,700
12.0 19.0 72,9060 29, f0

T b 3.4- Thcodol !'- D.L., ocot 4

rinc Ilevation Horizontal Distance Cloud Hleliht

0. 76,1 ý 9 4,991
1.0 11.5 76,3(A, 20,250
Z.. 16.2 76,300 26,220
6.5 19.4 76,400 1,
3.5 24.4 75,L50
4.0 25.2 7" , ON 39, 26
4.5 26.6 75,L6C 42,050
5.0 27.1 75,/,5C 42, 70
5.5 27.6 75,100 43,3o0
6.c 0ý7.9 74, 00 43 '70
6.5 26.5 74,560f 44,C20
7.0 27.8 7/,250 43,320
7.5 27. ) 74,100 '.1 , 670
2.0 29.0 74,10ý0 45,170
97U -9.2 U,650 45,27C
9.5 29.6 73,600 46,570Lc.0 29.6 73,650 47,000

3.2.5 Weather IDta

Clouds: 1/10 altocumulus 12,000 ft; 5/10 cirrostrotus 3S,'p' it
Visibility: 15 ma
Weather: Norie
Shot Height (4325 ft IIS,): Temperature, .3.90C; Pressure, 671

nib; Potential Tc!peraoiwc, 9'in'l'
Paeudo-Adiabatic Chart: See F!i. 3.5
Vertical Wind !'qeed and Direction: See Fit. 5.u
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3.2.o Comparison of Weather Data and Cloud Evaluatioi.

Compared to past test data, the height attained by this cloud,
after adjusting yield to sea level, appears to be in excesa by 2ŽUt to
3000 ft. Examination of the lapse rate curve indicates a generally
stable condition which does not suggest any reason for an exce-s heighL
to., the cloud. The wind speed chart indicates increase of wi,,d witj
height up to 30,000 ft.
3.3 SHOT 3

3.3.1 Edgerton, Germeshausen & Grier Photographic Analysis

The curves plotted in Figs. 3,7* and 3.7a are the result of mnes-
urements made frorm namera stations at Amarosa and 1;t. Charleston. Drift
of the cloud was determined by triangulation (Fig. 3.7b).

3.3.2 Aircraft Reports (See Fig. 3.7)

The following cloud information was obtained from the 4926th
Test Sampling Squadron, AFSWC: H + 8 min - 30,000 ft top (ML);
H + 13 min - 18,000 ItX base (MSL) ; H + 49 min - ý7,0Cn ft top (t'TQ).

3.3.3 Theodolite ])ta

Theodolite Location: Cxntr,' Point (4127 ft MSL)
Horizontal Distance to Burst Point: 69.400 ft
Bearing to Burst Feint: l.ktc
Burst Height: 4501 ft HSL

3.3.4 Comparison of Cloud Height Observations

The aircraft, theodolite, -,.4 photographic data appear to acree
quite well. The deviation of the theodolite data from the ECG0 retc af
rise (Fig. 3.7) is expected considering the accuracy of eteodolite
measurements.

3.3.5 Weather Data

Clouds: None
Visibility: 15 mi
Weather: Nune
Shot Height (4501 ft NL): Temperature, -0.5

0
C; Pressure, 864

ab; Potential Temperature, 2840K
Pseudo-Adiabatic Chart: See Fig. 3.8
Wind Speed and Direction: See Fig. 3.9

3.3.6 Comparison of Weather Data and Cloud Height

The maximuzi heig:ht reached by the cloud agrees well with a curve
of past cloud data. (using adjustad yield). The lapse rate curve

Fig. 3.7 curve is constructed as the best fit curve fri, ccnrt.ted
points not indicated on this chart.
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ind-ý,tes an isothermal layer between 4900 to W0nO ft I'SL which did not
appear to influence the cloud rise. The wind speed war westerly and
Cenerally constant below 17,000 ft and above 20,000 ft.

3.4 SHOT 4

3.4,1 Ed'_-rtun Germeshausen F, %rier 2hotographic Analysis

Cunera loc'tions at Amarcosa and Angel's Peak recorded data used
in computing Figs. 3.10,' 3.10a, and 3.10b.

3.4.2 Aircraft Reports (See Fie. 3.10)

Sampling aircraft reported the following cloud data: H + 30 mln
- 40,500 ft ISL tol; H + 100 min - 41,000 ft MSL top.

3.4.3 Theodolite Data

Theodolite Location: Control Point (6,127 ft MSL)
Horizontal Distance to Burst Point: 76,479 ft
Bearing to Burst Point: 346.0890
Burst Height: 4991 ft MSL

3.4.4, Comparison of Cloud Height Observations

The theodolite data suggest nigher cloud heights than the more
valid photographic analysis. 715'S discrepancy is due to the error in
reading the apparent cloud top tL;,j in effect, reading a point which
actually is the side of uaoud. T; Is error is due to 2.• increase in
mushroom size and wind shift.

3.4.5 Weather Data

Clouds: Clear
Visibility: Unrestricted
Weather: None
Shot Height (4991 ft) : Temperature, 5.6

0
C; Pressure, 85r tab;

Potectial Temperature, 2910K
Pseudo-Adiabatic Chart: See Fig. 3.11
Wind Speed and Dirction: See Fig. 3.12

3.4.6 Comparison of Cloud Data and Weather Data

The past cloud height data (see Fig. 1.1) is in good agreement
with the height reached by this cloud. The lapse rate curve is quite
stable to 9000 ft but obviously did not influence the rise of the
cloud. The remainder of the ca'av to 40,000 ft also appears stable.
The height of the tropopause at 40,000 ft would suggest a barrti, GO

further significant rise.

* Fig. 3.10 curve is no:. tated as the best fit curve frw.u cor•puted

poirte not indicated on this chart.
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TAjOh L .5 - Thcykdlit, Odat,, .

ni"mt P evat:on Korizont6L ai 0i ncl . lon Cloud
(Mir) Angle ___ (ft) (ft mui

0.0 - 39,440 4,313
0.5 6.9 39,440 ;,910
1.0 12.2 39,440 12,530

1.5 16.4 39,400 15,750
2.0 19.6 39,400 10,360
2.5 22.4 39,200 20,320
.Ci 24.7 39,1( Z2,590

3.5 26.6 39,350 24,040
4.0 29.4 39,600 26,440
4.5 30.7 39,740 27,440
5.5 32.0 39,97 .9,,'0C
6.0 33.6 46,23C 30,840
7.0 3 ,.7 "a, CO 32,330
9.5 34.4 45,3r 35,.'

12.0 -32.2 21,720 36,690
13.5 30. 5,250 37,410
14.5 29.3 39,450 37,54,
15.5 28.2 v ,10C 37,990
17.0 26.5 6', 700 3", 390 j10.0 24.6 7:8,C _0s470
19-5 24.1 7ý:,750 39,3(b J

7AILL 3.6 - Theodc o2ie Data, Shot 6

I TIme levation Horizontal Diotanoc C1'ýld .cl.ght
(min) Angle (ft) (ft sa,

0.0 59,024 4,745
i.C 10.5 59,200 14,81T
2.C 16.7 56,000 21,ccc
3.0 23.9 54,20C 261, CC0
/ .G 2'!.3 52,4(0 32,900
5.u 32.5 51,50C 37,6c0
6.0 35.3 56,306 40,400
7.; 38.C 5/,C4 44:,2r6
3.c 3' .8 2,066 41',100
94. 40.1 54,C00 5C,3W2

10.5 39.3 52,CO0 522,2;'0
13.0 26.9 64,600 56,900
L5. . 34.6 71 ,&6C 54,6c6
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3.; 5

3.5.1 Fdgerton, Cermeshausen & Crier Photographic Arnlysis

The data indicated in Figs. 3.14* and 3.14a were computed from
,,mera recorma colected at Amargosa and Mt. Charleston (Anrells Peak)
statiano. Culculations were based upon photogrammetric tr~anguiýion,
including cloud drift in Fig. 3.14b.

3.5.2 Aircraft Reports

Sampling aircraft reported the following cloud data: H + 37 min

- 30,000 ft top; 27,000 to 28,000 ft base (estimate).

3.5.3 Theodolite lita

Theodolite Location: Control Point
Horizontal Range to Burst Point; 39,440 ft
Bearing to Burst Point: 12.4430
Height of Burst: 4313 ft MSL

3.5.4 Comparison of Cloud Heighý Observations

Theodolite and photo measurements appear to have good agreement.
The later theodolite readings (%. aur 12 min) probably give higher
values because the side, ratha* n top, of ,the cloud was being
measured.

3.5.5 Weather Data

Clouds: Clear
Visibility: Unrestrictea
Weather: None
Shot Height (4313 ft): Temperature, 2.0

0
C; Pressure, $74 ob;

Potential Temperature, 2860K
Pseudo-Adiabatic Chart: See Fig. 3.15
Wind Speed and Direction: See Fig. 3.16

3.5.6 Comoarison omu Cloud and Weather Sata

The height attained by this cloud was in excess of 10,000 ft
greater than expected. The lapse rate curve is generally stable
throughout the layer. The wind direction is fairly consistent from
2700. The speed is relatively light (below 20 knots) to Ie,000 ft
and not above 30 knots to 26,000 ft.

Fig. 3.14 curýve is constructed as the best fit oýýe from;, c'ý:pd
points not indicated on this chart.
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3.6 SHOT 6

3.6.1 Edgerton, 3ermesheusen & 'rier Photogrq.ihhc Analysis

Cloud dsta were computed from camera stations located at Amargosa
"and Mt. Charleston (Angel's Peak). Figures 3.17* and 2.17a sre t'e
result of such analysis, as well as Fig. 3.17b.

3.6.2 Aircraft Reports (See Fig. 3.17)

Sampling aircraft reported the following cloud data: H 13 min
- 40,000 ft top of cloud; H 18 min - 38,400 ft top of cloud, 34,3CO

ft base of cloud; H + 22 min - 32,200 ft base of cloud; H + 47 min -
39,200 ft top of cloud, 36,900 ft base of cloud.

3.6.3 Theodolite Data

Theodolite Location: Control Point
Horizontal Distance to Burst Point: 59,024 ft
Bearing to Burst Point: 8.7350
Burst Heig•t: 4745 ft MSL

3.6.4 Compar' son of Cloud Height Observations

This shot is the best cxar Jle of this series of the problems in-

herent in theodolite measurmeaeta •lhen the cloud drift is clearly
toward the observation point. Lu• "hgodoli•t :Icdings are obviously
affected by this condition -and ia _f no velue itsar 4 rin. Th compen-
sate for this effect, a correction for cloud diameter must be made.
Aircraft reports on cloud top agree with photographic meaaura'exrts. The
discrepancy in base estimate is due to the multiple laycrs of the cloud

causing a question as to just wln÷R constitutes the base.

3.6.5 Weather Data

Clouds: Hone
Visibility: Unrestricted
Weather: None
Shot Height (4743 fi): Tomperature, 4.50C; Pressure, e60 mb;

1*tential Temperature, 2880K
Pseudo-Adiabatic Chart: See Fig. 3.18
Wind Speed and Direction: See Fig. 3.19

3.6.6 Comparison of Cloud and Weather Data

The cloud rise was about 7000 ft higher than indicated bXy rast
data (adjusted yield) . The lapse rate does not suggest any marked in-
stability; in fact, ia stable from 13,000 ft to the cloud top. The
tropopause at 36,500 ft should have dampened any further rise of more
than a few thousand feet. The wind speed from 20,000 ft to clnud top

*Fig. 3.17 curve is constructed as tbh b3st fit curve from comrFt-d

points not indicated on this chart.
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TAILE 3.7- Theodolite Data, Shot 7

V Time 2Elevation Rorizontal Distance Cloud Ifei 'It
SAngle (ft) (fi+ i.mI)

0.0 - 85,176

0.5 1.6 85,176 6,687
1.0 2.3 84,650 7,540
1.5 2.8 84,125 6,350
2.0 3.2 84,000 8,830
2.5 3.6 83,100 9,290
3.0 3.9 82,5009 70
3•5 4.3 82,100 10,24u
4.0 4.6 &1,400 10,770
4.5 4.9 80,400 11,090
5.0 5.2 79,600 11,420
5.5 5.4 78,900 U,5W0
6.0 5.4 78,000 11 ,510
6.5 q. ? 77,n0C 11,440
7.0 5.3 76,000. 1.1 14
7.5 5.2 75,200 11,030
8.0 5.1 74,O00 10,710

L 8. 5 5.0 74,000 10,540
495 4 72,900 10,14UU 5 4 .0 71 W9O. __. ,170

TAEiL 3.6 - Thviiolite Data, Shot 8

Time Elevation Horizontal Distance Cloud Ha it

(min) Angle -(ft) (ft :__m

0.0 60,265 4,809
1.0 10.0 61,300 14,9402.0 15.3 61,250 20, 490
3.0 18.7 60,250 24,520
4.0 20.9 59,250 26,7ýr)
5.0 22.0 59,200 27,920
6.0 23.1 59,400 29,440
7.0 23.3 60,100 30,020
8.0 23.1 61,000 30 ,140
9.0 22.8 62,300 30,350

10.0 22.3 63,900 30,350
11.0 21.3 65,80C 29,750
12.0 20.8 67,900 29,9-
13.0 20.2 70,250 29,950
14.0 1i.3 72,60u 29,550
15.0 18.1 75,250 29,750
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is fairly consistent (about 40 knots) and does not indicate any
noticeable shear.

3.7 SHOT 7

3.7.1. ldgerton, )ormeshausen & Grier Photographic Analysis

No data were compiled for this underground shot,.

3.7.2 Aircraft Reports (See Fig. 3.20)

Sampling aircraft reported the following cloud data: If + 10 min
- 12,000 ft 1-ISL: H + 12 mln - 10,500 ft EtL.

3.7.3 Theodolite Data
Theodolite tocation: Control Point
Horizontal Distance to Hurst Point,: 65,176 ft
Bearing to Burst Point: 2.0940
Burst Height: 67 ft below surfce (4221 ft iL)

3.7.4 Comparison of Cloud Height Observations

No EG&G data are available for 'his shot. Reasonable agreement
is indicated between aircraft and theodolite measurements considering
the questionable auc.'acy of the 10 ter after the first few minutes.

3.7.5 Weather Data

Clouds: 3/10 thin cirrus
Visibility: Unrestricted
Weather: None
Shot Height (Surface Dta): Temperature, Ii?.000; Peesstre E83

mb; Potential Temporature, 30101K
Pseudo-Adiabatic Chart: S- Fig. 3.21
Wind Speed and Direction: See FiP, 3.22

3.7.6 Comparison of Weather and Cloud Data

Although a subsurface burst does not lend i~self too wel) to coo-
parison to other shots relative to maximum height attained, an examino-
tion can be made relative to .is evolution. The lapse rate curve
indicated a small inversion from about 9000 to 10,0CC ft which roughly
coincided with the maximum height reached; also, an unstable layer from
surface to 8000 ft. The wind speed increased 10 ni an hr and direction
changed 17c from 10,000 to 12,000 ft suggesting the effect of 4 shear.

j.8 SHOT 8

3.8.). Edgerton, Germnshausen & trier PhotoLraphic Analysis

Figures 3 .23" and 3.23a were derived from data recorded Mt !he
Amargosa and X:t. Charleston camera locations; also Fig. 3.23b.

Fig. 3.23 curve is constructed as the best fit curve froi:. co. 0 jteI
points not indicated on this chart.
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3.-.2 Aircraft Reports (See Fig. 3.23)

Sampling aircraft reported the following cloud data: H+10 roin
- 31,2uo ft top; 11+15 min - 30,700 ft top; H +17 min - 22,800 ft
ease; H +30 min - 29,000 ft top; H +44 min - 18,000 ft buse.

J.f.3 ',hcodolite Data

Theodolite Location: Control Point
Horizontal Distance to Burst Point: 60,265 ft
Bearing to Burst Point: 346.3890
Burst Height; 4809 ft MSL

3.b.4 Comparison of Cloud Height ibservations

Photographic, aircraft, and theodulite d:ia agree quitr. !:-I1.
The sense of the discrepancy býtween the theodolite and other meserir-
ments is contrary to whet is usually found. This nay be due t, the
fact that the wind shears diluted the olcud top, making it too taint
to identify.

3.8.5 Weather D. a

Clouds: None
Visibility: Unrestricted
Weather: None
Shot Height (4609 ft 1SL): Temlerature, 9.300; Presucre, 852

mb; Potential Temperature, 2950K
Pseudo-Adiabatic Chart; Cea Fig. 3.24
Wind Speed and Direction. See Fig. 1.29

3.8.6 Comparison of Weather Data and Cloud Dut.

The lapse rate curve indicates a stable layer from 8200 to
11,000 ft with an inversion from 11,000 to fl,600 ft, Thy -est of tha
curve is generally unstabl.; to height of cloud tap. The wind speed is
irregular with increases and decreases from 10,000 to 25,000 ft.

3.9 SHOT 9

3.9.1 Ldgerton, Cermesheusen & Grier Photograpilo ½a12 'sis

Quality of phouographtm data was unsuitable for analysis.

3.9.2 ýircraft •Rports (Sea Fig. 3.27)

Sampling aircraft reported the following cloud data: H +10 min
- 27,500 ft (MSL) top of cloud; H+17 min - 31,500 ft (MSs) top of
cloud: 1I+24 min - 28,700 ft (MiL) top of cloud.

3.9.3 Theodolite Cota

Theodolite L,--etion: Control Point
horizontal Distance to Burst Point: 56,1,. ft
Bearing to Burst Point: 9.75ro
Burst Height: 4N95 ft M4L
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3.9.4 Comparison of Cloud Height CbservaLiuna

Comparison of data for this shot is impossible since no pheto-
draphic data ace available and the ,hendolite and aircraft data are not
simvltanaoues.

3.9.5 Weather rata

Clouds: 7/10 thin c.rrostratus
Visibility: Unrestricted
Weather: None
Shot Height (4995 ft 14SL): Temperoture, 12.40C; Pressure, L45

ob; entential Tempezature, 3000K

Pseudo-Adiabatic Chart: See Fit. 3.2L

Wind Speed and Direction: See Fig. 3.29

3.9.6 Comparison of Cloud Dita end' Weather Data

No photographic analysis was made on this shot. On the basis of
theodolite and air-t-ft reports alone, the cloud appears to have risen
about 5000 ft in excees ,r expected rise by means of post test data.
The lapse rate curve is generally unstable to Lý500 ft. However, an in-
version from 8500 to 9600 ft woujt 'cnd to decrease the height. The
wind direction is generally consi: ert and the speed increases "bove
10,000 ft to 30,000 ft.

3.10 SHOT 10

3.10.1 EdGerton, Germeshausen L Lrier Fhotozraupejc .- jalysis

Figured 3.30,* 3.30a, Lnic 3.30b were derived from data recorded
at the Amargosa camera location only. Fata from other camera locitin.'..
uere not obtained or were not valid due to proximity to Ploud formation.

3.10.2 Aircraft Reports (See Fig. 3.30)

Sampling aircraft rcrorted the ,ellowing cloud data: U 4
- 60,000 to 05,000 f'L Lop kest~mate); H + 45 min - 65,000 ft Lop
(estimate).

3.10.3 Theodolite Data

Theodolite Location: 25 ft north of main road entering FPench-

man Flat area, about 200 ft e.st of the
Mercury Highway (3220 ft MSL)

Horizontal Distance to Burst Point: 82,272 ft

Bearing to Durst Point: 349062.51
Burst Height: 36,620 Z 60 ft N'ý7L

Fig. 3.30 curve is constructed as ti-. boot fit curve from co:,,nued

points not indicated on this chart.
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TAILE 3.9 - Theodolite Data, Shot 9

Time Elevation Horizontal Distance Cloud HA ht
(min)-- An) (ft) :

0.0 - 56,150 4,995
0.5 5.3 56,150 9,360
1.0 8.8 57,250 13,010
1.5 9.9 58,400 14,360
2.0 11.4 59,700 16,320
2.5 12.8 60,800 17,940
3.0 13.1 61,850 18,740
3,5 15.L 63,150 21,0O
4.0 15.6 64,450 22,110
4.5 10.2 65,450 23,170
5.0 16.7 66,700 24,140
5.5 17.1 68,350 25,160
6.0 17.4 70,200 26,120
6.5 17.6 72,150 27,020
7.0 17.1 7-2,1" 27,950
7.5 17.8 /6,300 28,640

9. 0 1 7 76 , 2 03 1 7 .8 7 8 , 6 5 U 2 9 , 3 7 0 J

9.0 I 17.7 d3,250 30,610

10C.0 17.3 •,500 31,7'ý0

TAILE 3.10 - Theodojioe Data, ihot 10*

Time I laevation Horizontal Distance . uoud Height
(min) Angle (ft) (ft %M)

- 62,250 36,600
1.0 27.0 78,400 42,800
2.0 30.5 74,500 47,100
3.0 30.5 72,250 50,10C
4 .X 34.3 71,700 52,100
5.0 (34.6) (72,500) (53,20C)
6.0 (34.6) (74,000) (54,200)
7.0 (3/4.3) (75,700) (54,800)

*Parentheses indicate data of doubtful accuracy.

The cloud had a torus rLig appearance and began to diisnterrate
at 4 min. The short life of the visible cloud was due to lack of
moisture at tbe burst level. Because readings were taken on the edge
of the ring, an estimate thjen had to be made of toe elevation of the
center of the ring for true height of ihe cloud.
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3.10.4 Comparison of Cloud Heisht Observations

Despite the doubtful accuracy of the theodolite readings the
computed heights compare favorably with the photographically-
determ'•wd heigota. The aircraft estimates do not agree but can be
considtred doubtful due to the ceiling limitations of the sw:ipling
aircraft.

3.10.5 Weather Data

Clouds: Clear
Visibility: ULroestrioted
Weather: None
Burst Height (36,620 ft MSL) : Tempereture, -47.700; Pr•,zsrc

222 mb; Potential Temperature,
347

0
K

Pseudo-Adiabatic Chart: See FL g. 3.31
Wind Speed and Direction: See Pig. 3.32

3.10.6 Compariso ",Ir Cloud Data and Weather Nt-

The predicted height for this cloud was underestimated by some
10,000 ft. The lapse rate curve tnuicates that the burst was in the
stratosphere. The lack of moist, ' in the ambient stratosphere should
tend to reduce the size of the anr-rent cloud and hence its maximum
height. The former was observed but the latte: 71d not materialize.
Also, the isothermal layer between .3,000 and 43,000 ft should have
served a further deterrent to ito rise. It becomes apparent that the
height prediotion equations omit some pertinent atmosphoric parr•oeter
or parameters affecting the amount of rise of atomic clouds, partic-
ularly in a stratospheric enviru,,ent. The wind direction was generally
uniform from burst point through the maximum height of 55,000 ft.

3.10.7 Army Map Service Volume Analysis

The photography of the high altitude shot was evaluated upon
receipt at AMS. The photo)gczphy was satisfactory from the standpoint
of photographic quality but the air burst did not provide enough
"substance' to enable a good photographic image to be registered. The
lack of density in the residual cloud precludes photogrammetric deter-
minations of volume in this type of shot.

3.11 SHOT 11

3.11.1 Edgerton, Germesha'sen & urier Photogrophlc Analysis

The data intitcated in Figs. 3.34* and 3.34a were computed from
camera reuords collected at Amargosa and Angel's Peak. Photogrammetric
triangulation was used for calculations, as well as for Fig. 3.34b.

* Fig. 3.34 curve is constructed as thn hest fit curve from oonu
t
aed

points not indioated on this chart.
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3.11.2 Aircraft Reports (See Fig. 3.34)

Sampling aircraft reported the following cloud daLa; H + 12
sin - 15,200 ft MSL top; H + 15 min - 15,000 ft MSL top; H + 22 min -

13.000 ft HSL base; H + 30 min - 15,000 ft MSL top; H + 30 min -
13,000 ft MSL base.

3.11.3 Theodolite Data

Theodolite Location: Control Point
Horizontal Distance to Burst Point: 68,534 ft
Bearing to Burst Point: 4.90
Burst Height: 4542 ft MSL

3.11.4 Comparison of Cloud Height Observaticna

Aircraft, camera, and theodolite measurements give good
agreement.

3.11.5 Weather Nta

Clouds: Clear
Visibility: Unrestricted
Wt- 'er: None
Burst Height (4542 N HZL:, Temperature, 4.50C; Pressure, 867

mb; PFeential Temperature, 285
0

K
Pseudo-Adiabatic Qiart: See Fig. 3.35
Wind Speed and Direction: See Flg. 3.36

3.11.6 Comparison of Cloud Data and Weather Cota

The cloud rose slightly :.igher than expected. The lapse rate
curve indicates an inversion to 5000 ft, and then lies between the dry
and moist adiabatic curve throughout. The wind &irectln was from the
NIW-N with a wind speed increase up to 35,000 ft.

3.11.7 Army 1.ap Service Volume Analysis

The photography of Shot 11 was evaluated upon receipt at AM
and was found to be a complete loss. No useful photographic images
were obtained due to the lack of light at the time of the shot.

3.12 SHOT 12

3.12.1 Edgerton, Gereeshausen & Crier Photographic Analysis

Figures 3.37* and 3.37a were derived from camera recorcw col-
lected at Amargosa and Angel's Peak. Figure 3.37b was computed from
the same recordu.

* Fig. 3.37 curve is constructed as the bast fit curve £rOm cu..puted
points not indicated on this chart.
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3.12.2 Aircraft Reports (See Fig 3.37)

Sampling airrraft reported the following cloud data: H + 11
min - 41,500 to /,],700 ft top of cloud; H + 23 min - 41,700 ft top of
cloud; H + 32 rin .- 42,800 ft top of cloud.

3.12.3 Theodolite Data

Theodolite Location: Control Point
Horizontal Distance to Burst Point: 61,859 ft
Bearing to Burst Pointl 143.5250
Burst Height: 3477 ft V.SL

3.12.4 Comparison of Cloud Height Observatuons

Camera, theodolite and aircraft data agree quite well on maxi-
mco height.

3.12.5 Weather Data

Clouds: Clear
Visibility: 15 mi
Weather: None
Shot Height (3477 ft NISL)ý Temperature, 18.5oc; Pressure, 880

ob; Potential Temperature, 3020K
Pseudo-Adiabatic Chart: Fig. 3.3A
Wind Direction and Speedt 'e Fig. 3.19

3.12.6 Comparison of Cloud and Heather Data

The lapse rate curve in&d-ites small inversions at approximately
10,000 ft and 21,000 ft which did not appea,. to affect the cloud rise.
Unstable layers occur from surface to 10,000 ft and 16,000 to 21,000
ft. The maximum cloud height seems to have occurred at the tropopouse
height. The wind speed data indicate a strong shear between 20,000
to 25,000 ft.

3.12.7 Army Yap Service iolume Analysis

The photographic materials of Shot 12 wore inspected upon re-
ceipt and were found to be of good quality. The image of the cloud
was good on all exposures except the initial photograph which was
completely over-exposed by the intense light. These materials were
found satisfactory for continuation of the planned nrocedur•s.

The orientation data listed below were determined to be lo
minimum necessary for use of tV, photography as planned. Field values
are shown where available. . .e remainder of the necessary data was
determined in the office photogrammetrically. These values are
underlined.
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TA}LE 3.11 - Th•Wn ,Ito D't", Shot 1)

I Lae l~ovaion orizontal Distanc.1 Clou~d 1kight
(min) Anl (ft) j pt _mSL

0.0 -" 08,534 4,542
0.5 3.0 68,534 7,73C
1.0 4.7 68,534 9,770
1.5 5.6 68,534 10,950
2.0 6.8 68,534 12,315
2.5 7.7 68,534 13,400
3.0 8.2 68,53 18,020
3.5 6-.5 6P,0or 14,44.0 8.7 67,700 14,560
4.5 8.9 67,250 15,340
5.0 9. 66,875 14,960
5.5 9.5 66,500 15,270
6.0 9.65 66,125 15,390
6.5 9.8 65,800 15,510
7.5 9.75 65,000 15,310
8.0 10.1 64,700 15,660
9.0 9.3 63,800 14,580

TALE 3.1" - TT¶lnolite Data, Shot 12

(min) Angle (-t) (ft loll

U-- - 61,859 3,477
0.5 5.8 Ui,85W 10,420
1.0 10.6 62,200 15,790
1.5 14.3 62,550 20,040
2.0 17.2 63,000 23,6602.5 19.1 63,875 26,720
3.• 2).9 65,000 30,220
4.0 22.6 67,800 32,340
5.0 25.1 70,950 37,340
6.0 25.7 74,250 39,720
7.0 25.3 7b,100 40 990
8.0 24.3 82,250 41,240
9.0 23.0 87,100 41i x

10.0 22.1. 92,000 41,490
110.0 21.1 97,200 41,540
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Suodetic Camera Camera
Position Shot 12 West Shot 12 Fast Tower

latitude 36043'05.3" 36042'48.5" 36047'53.7"
Longitude 115o5&'14.7" 3.15054'47.2" 115 o55, 4 4 .5"
Stevation 3640 ft 3960 ft 3478 ft ("op)
Inelitlation

of camera 220361 210271
axis from

horizontal
Tncluded
ang1le, camera 7203n0 750Wi1
"axis with camera -ose line

A pair of preshot photographs was sot in the Stereoplani0±v.ia.
and oriented with the aid of the above data. She orientation of a
shallow depth zone nteriered at the tower (visible on the photographs)
wus satisfactory.

Phace I - A stereo pair of photographe taken at approximately
zero hour + 30 s•, t'it selected as the first taet adele to be set. Dua
to the non-synchronization of tlo cacmeraL, the photographs were not
taken nt the same instant. The time difference could not be determined
and may be as much as 3 to 5 sec.

The instruoenet. rientation obtained with the proshot
photograpas was retained when Oh- selected rhotographic pair was set in
the instrument. This was planao.-, to provide an ,r~t;ted three dimen-
sional model without further adjostments be'-g required. This did not
prove to be the case. However, investigation revealed that small
portions of the model could be viewed, stereoscoupicall", by adjustment
of the lateral irnstrament motions. This inability to form a complete
three dinensional model was due -,:ice uneven expansion of the vartouol
sections of the cloud and the time difference between the two photos
ased.

Phase II - The photographs used above were taken when 4the rate
of expansion was quite rapid (about 210 ft/sec). It was felt that
photoLraphs taken later might yield better results due to a lower ex-
pansion rate. A pair of rhteo•raphs taken at about zero + 2 oin was
placed in toe instrument. In this case the expeision did appear less
but the drift of the upper part of the cloud was much faster. Again
only small portions (1-2 per cent of total cloud area) of the model
could be oriented successfully at one time. An attempt was made to
contour a portion of the cloud. It was necessary, in order to fuse the
images, to constantly adjust the instrument. In this manner it was
possible to keep the measuring mcrk on the surface of the cloud and to
trace out contours of a small area. ýowever, since the orientaheon of
the model was not absolute, the movecent of the Isetrtaent motions
influenced the coitour dptum and each cortour is not in a true plane. Even
if this effect ware not present the contours would not be valid contours
of the cloud shape at any one instant because of t*- time difj 'corese be-
tween the two exposures used. It was therefore decided that fartber
attempts to utilize this photography tor stereo compilation were not
feasible.
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Fig. 3.13a ShoL 4 Cloud (Approx UI + -4 Itil). Note wind shear effect.

Fig. 3,b Shot 6 Cnoua (Apprax II + 6 l Note. let w1W z,,aar effect.
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Phase III - During the study of the photography, the possibility
arose of measuring the rate of erpansion and drift of the cloud by using
a series of the existing photographs from one station and superimposing
tie - -66S. 11e drift drcocticn of the cloud on this test. beae t~
detennined, L., motearological data, to be almost perpendicular to the
axis %' the camera at Station Shot 12 East. This insUres ýhat tV.
scale of the photography -t the cloud distauae -- be determined quite
accurately throughout the tine Period ' hat the cloud is included in the
photography. With the scale known, the rate of expansion (horizontally
and vertically) and drift (4t different altitudes) may be approximately
determined. As volume is determined by the rate of expansion, indica-
tions of the volume could be determined for various t5nes after zero
hour.

A preliminary instrument satdy of this macw ,
been made. Although few measurements were made it is evident that the
expansion rate varies throughout the cloud. Nlo complete study has been
made of the accuracy chat, may or anhieved but it is bilieved that abont
75 per cent accuracy may be expected.

No factual data on the cloud volume were obtained.
Feasibility of uw;; of photograrmetric methods an t•hi type af shot wac
neither proved nor disproved becauýe of non-synchronization of photo-
graph pairs due to radio signal failure.

3.13 SHOT 13

3.13.1 Edgerton, Genceshause': , Phertgaehr M. alysia

Cloud data represented 4- Figs. 3.43w and 3.43a were computed
from camera records collected at Amargosa and Auegel's leak ate lons.
Figure 3.43b was computed from the same records.

3.13.2 Aircraft Reports (See Fig. 3.43"

Sampling aircraft reported the following cloud aata: d1 - 15 min
- 40,500 It top of cloud.

3.13.3 Theodolite Data

TIjeodolite Location: Control Point
Horizontal Distance to Burst Point: 45,371 ft
Dearing to Burst Point: 341.9550

Burst Height: 4736 ft ,1SL

3.13.4 Comparison of Cloud Height Observations

Theodolite measureients appcar to be erroi•cus after 7 min cou-
pared with the morc reliable photographic measurements. This is perhaps
due to the edge of the 4loua obscuring the actual cloud top which may
explain the 8000 ft discrepancy at 14 sin.

"Fig. 3.43 curve in constructed as ýhe best fit curve from c '.i ated
points not indicated on this chart.
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3.13.5 Weather L _a

Clouds: Clear
Visibility: 15 mi
Weather: None
Shit Height (4736 ft iSt): Temperature, 15.U-C; Prerure, '55

ab; Potcintial Temperature, 3020K
Pseudo-Adiabatic Chart: See Fig. 3.44
Wind Direction and Speed: See Fig. 3.45

3.13.6 Comparison of Cloud and Weather Data

The cloud behaved very much according to Expectations. It pin-
etrated the stratosphere only 2000 ft above the tcupopauae tLur'! iL
41,000 ft. There were no abrupt shears in the speed and direction of
the wind which averaged about 25 knots frcm 1900. The lapre rate curve
was relatively unstable fro, 6000) to 12,000 ft and again from 19,000 to
25,000 ft which would tend to increase the amount of rise.

3.14 SHOT 14

3.14.1 H4'ertun, Cermeshausen & Srier Photographic A;alysis

The cloud data indicated i, Fig. 3.46' and 3.4
6

a were computed
from camera records collected at Aargosa and Angel's Peak. Figure
3.46bbwas computed from the same cnords.

3.14.2 Aircraft Reports (See Fig. .46)

Sampling aircraft reported the following cloud data: H + 11
min - 37,200 ft top of cloud.

3.14.3 Theodolite Data

Theodolite Location: Control Point
Horizontal Distance to Burst Ibint: 59,024 ft
Bearing to Burst Point: 8.7350
Burst Height: 4745 ft

3.14.4 Comparison of Cloud Height Observations

Photographic and theodolite measurements agree quite well
,.rough 5 ain after which time only essential features agree such as a
sinking of cloud at 7 imn followed by a slight rise. llowever, the max-
imu heights reached differ by abuua 5000 ft suggesting once more the
dubious reliability of theodolite measurements.

Fig. 3.46 curve is constructed as tV-i beet fit curve from oG;-,21*ed

points not indicated on this chart.
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3.14.5 Weather Dita

Clouds: Cle,.r
Visibility: 15 mi
Weuthe-t Nore
!hot Height (4745 ft MSL): Temperature, 2.1

0
C0 Pres-urc, 851

ob; Potential Temperature, 29-OR
Pseudo-Adiabctie Chart: See Fig. 3.47
Wind Direction and Speed: See Fig. 3.48

3.14.6 Comparison of Cloud and Weather Dta

The height predicted for this cloud was overestimated by 2000
fL. Tis error can perhaps be attriented to tive stable layer betwoen
20,000 and 27,000 ft which was coincident with a strong vertic-il ,zn
in the wind speed. Also, a shallow inversion 'xisted at 34,000 to
35,000 ft. Both of these features would toLad to hinder the cloud rise.
The cleud stopped risinig in the middle of a thick layer of strong (65-
70 knots) westerly winds. The lapse rate curve wee stable thrcughout
the cloud's iert'.al trajectory.

TAME 3.13 - Theodolite Data, Shot 13

Time 12evation 1orizontal Distance Cloud Height
(moin) Angle (ft) (th~

0.0 - 45,371 4~,736
0.65 1.1.3 45,930 13,305
1.0 16.1 46,810 17,635
1.5 20.6 48,240 22,240
2.0 23.3 49,450 25,400
2.5 25.9 50,320 28,540 1
3.0 27.9 51,080 31,160
3.5 29.9 51,740 33,880
4.0 31.0 52,320 35--,v
4.5 32.1 53,100 5/,440
5-. 32.9 53,900 39,020
5 5 54,830 41,4.U
6.D 34.6 55,900 42,6606.5 34.8 56,9,il 43,690
70 34.9 58,000 44,630
7.5 35.0 59,200 45,610
8.5 35.3 61,500 47,730
9.5 34.7 64,000 4,,430

10.0 34.2 65,320 48,490
10.5 34.0 66,700 49,0e)
11.0 13.6 68,050 49,330
11.5 33.5 69,450 49,780

12.4 32.8 70,661 49,fal
12.5 32.7 4 ______-, __

., 3.5 51,03ý
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TAILE 3.14 - Theodolite Date, Shot 14

T fAW .,aion HIorizontal Distance 21cud Afcilht
(min) Angle (ft) (ri vml

0.0 - 59,024 4,745
0.5 7.7 58,650 11,960
1.0 12.85 57,800 17,330
1.5 17.1 57,330 21,760
2.0 20.8 58,000 26,180
2.5 23.4 59,500 29,880
3.0 25.5 61,050 33,2J/
3.5 26.7 62,800 35,71u
4.0 27.1 65,100 37,420
4.5 27.1 67,400 38,580
5.0 26.6 69,550 38,930
5.5 26.5 71,800 39,930
7.0 23.7 79,600 39,110
7.5 23.3 82.M00 39,530
8.0 22.5 85,150 39,390
8.5 22.6 87,750 40,590
9.U 22.0 90,250 40,630
9.5 21.5 93,200 40,810

10.0 2i.0 95,300 40,720
10.5 20ý5 98,000 40,730
11.0 20.1 L00,800 4,030
11.5 19.4 103,250 40,530
12.0 19.0 106,000 40,68C
12.5 18.7 108,800 40,930

3.15 APPLICATTON OF CLOUD DATA TO PRENST PREDICTION IEETHODS

The consolidated date, of this series were applied Lo the Sutton
and Taylor equations of Ta,'io 1.1 and solutions ward obtained for the
;'ield parwaster. Computatione were made indepe:,dently using the max-
imumio rise of both cloud centers and cloud tops for the height parameter.
The results are illustrated in Figs. 3.50 and 3.50a and also in Fig.
3.50b in the form of percentage error in computed yields, where assigned
yields (adjusted to MSL) were assaued correct. It is evident in Fig.
3.50b that Shot 5 presents a special case for reasons not yet deter-
mined. The initial height prediction for this shot was 10,000 ft too
low. The following general statements do not take this shot it c con-
sideration. None of the equations succeeded in systematically predict-.
ing the yield with tcceptable accuracy. The flse of maximum rise of
cloud centers for the height parameter produced the best results but
verified only within approximately a factor of tto. Both vernions of
the Taylor equation achieved this limited accuracy whereas oniv
Sutton's vertical rise equation did ea well.
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TABLE 3.15 - Computed Potential Temperature Excess (AG
for TEAPOT Shots (at moment when cloud begins to risel

Computed~eo (°C) using a height parameter
Shot Yield equal to the amount of risý' mi oud

Adjust -d
Assigned to M& Center Top

1 1.2 1.4 42 66

2 2.5 2.9 113 217

3 7.0 8.2 192 5/47

4 43.0 51.0 1736 3645

5 3.6 4.2 580 1189

G 3.4 9.9 612 1370

7 3.2 1.4 *

8 15.5 17.9 183 388

9 3.1 3.7

10 3.1 14.3 407 407

11 1.5 1.8 38 53

12 24.0 27.6 723 1760

13 30.0 35.6 121 4402

14 28.0 33.4 587 1373

*fData insufficimnt cr unsuitable for computtlion.

The Yachta equation was used to determine representative poten-
tial temperature excesses existing in atomic clouds at the moment the
cloud as a whole begins to rise. The essumptior, of a constant mass
entraimnent value of 0.5 x l0-

3
n-i was made for WM/Mzs. Agai -. the

computations were made independently using the amount of rise for bnth
cloud centers and cloud tops as the height parameter. The results
shown in Table 3.15 do not refl.ect the desired direct relationship with
yield. Whether or not the values shown represent the true picture
cannot be ascertained because actual values for the tempelatura excess
of atomic clouds have not been recordod thus far.
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With the exception of Shots 7 and 9, when data were insufficient
or unsuitable for computation, an attempt was made to determine the
character of volume entrainment yV/VS z as the cloud rises. The crude
assumption was made that the atomic cloud maintained the general shape
of -n oblate 'pheroid throughout its evolution. The LZG cloud data
enabled us to compute volumes as shown in Fis. 3.51. The rloud asso-
ciated with Shot 10 was a circular torus ring, however, MThG data
indicate that a cross-section of the ring had an elliptical shape. In
this case, the vol-nne was determined accordingly and hence the volume
computations should be more representative than that of the other
shots. The role played by moisture advection (through entrainment)
In determining the apparent size of the cloud 5s brought into focur, uy
the curve for Shot 10 where moisture was relatively absent. Otherwise,
the volume neema to be a fuoution of yield in general, .o cxp-tet.
Values of volume entrainment were then coomputed and plotted against
height of cloud center in Fig. 3.52. Only values for Shots 3, 4, 5, 6,
A, 12, 13, and 14 are shown in the graph because other shots were of
too low a yield to produce a great enough height range between bura.
and stabilization to establish a definite trend. The curve for Shot 4
is omitted for stc sake of clarity but is very similar to that for
Shot 13. The volumne aitrainment fur Sbot 10 mas negative after 0.5 min
and is not shown in the graph. The overall results are in good agree-
ment with previous work along t line. 2A/ One, therefore, seems quite
Justified in assuming that volor entrainment is insensitive to yield
and relatively aonsthntt ti valin of 0.5 x l03m"I between approximately
15,00 and 35,000 ft.

As a final step, a compar;c;.. was b!ade r•t tl , vac ions prediction
methods ofher than by the use or the dynamic equations of Table I.I. A
tabulation of the resIlts appeara In Table 3.1 The eurprisirg feature
of this table is that Columi 5, and not Colutcors 7 or 9, as one ohould
expect, produced the best rescOur. This situation pcints out the treat
need for further refinement of the regression equation to render it nore
suitable for operational use. Perhaps the equacion should encompass
more parameters, e.g., moisture content of the ambient atmosphrire. Also,
departures from standard conditions, in each cave rnnsidere-, may ho a
better measure of the atmospherets influence upon cloud i-Ise than the
present scheme of using abqolute values.
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Fig. 3.33a Shot 9 Laud (apprcx 11 + 12 see)

Fig. 3.33b Shot 10 CItt• (apprc 1!* + Zmin)
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Fig. 3.33o Shot 10 Cloud (apgrt Fig. 3.37J Shot 10 Cloud (appr=
H + 11 see). Note lack of density H + 90 see). Note lack of density
of ring, of ring.
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Fig. 3.40 Shot 12 cloud (araX Fig. 3.41 Shot 12 Cloud (appr•c

H + 15 see). Nnte good cloud H + 200 see). Note good cloud

definition. definition.
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Fig. 3.42a Shot 12 Cloud •.ppra H + 31 see). Photo taken
from 42,rAD0 f!. bove bur'+ Aith a 1A-3 opjMra.

Fig. 3.42b Shot 12 Cloud (appro- 1ý + 42 sec). Phcuto takl-n

fron 42.000 ft abov6 'awst with a 'Z-3 camera.
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Fig. 3.42c Shot 12 Cloud gi.ira H + 46 see). Photo taken
from 42,000 ft 'noys burst 'ith a TM-3 camera.

Fig. 3.42d Shot 12 Cloud (an H + 54 sec). Phowo M;en
from, 42,000 ft aboV =,rst With a V^.3 cajmrA.
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FiL. 3.42a Shot 213 Clau.d (aP~ro H + 8 aec). raoto taken ±'rom 42,00D0
ft above 1rtrst with a KA-3 oajmra monmted ve,'ticaIlY mn ajxeriaft.
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Fig. 3.49 Shot 14 Clotd (aprox 11 + 1 min'. TIlt, non
unifomity of stem and resi4el l lip to iwohrooa.
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CHAfrM 4

CLONCLUSIONS 'J1P 0f4~DIIW

4.1 rONCTLUSIOUS

The flult'uitlons of themo3olite :2easurements were again quite clear.
The experience on iuo 'MEAM Ls~ies iddo Lurtner cuoef to the dubious
accurtt.j of theodolite data fox earlier teat series. In particular,
readings after 8-10 minutes shar'i be carefully examined for validity.
According to EG&G phooopra'xic "usOysis of some of the bursts, the wind
drift corroctiou, ao compared t1 diotogaspaetric trianguation methods,
does not appear oozpletely 'cCL, In gener:'. Lhe wind data smooth out
directions and maxgify the die ' ocs.

Cloud base data oam be relied upmn only with extreme caution.
All methods of observation used ,a;e an inherent subjective bies in th6
determination of the actual bane of the mushroom cloud. A sharp Tine
of demarcation Is uaualld iot disceaTi.ble due to vsrio.n roa•oni, eg.9,
obstructing clouds, lack of propr lighting contrast duo to shot timn,
irregular cloud features and laemr formations in ti. stom portion of
the cloud due to wind shearsp gradual transition Irom much;-oom to stem,
etc. In general, it is reazonable to assumo that mots cloud 1ose
reports are at best a compromise.

The application of actual TFAPOT data to the nurrent idoes týbeut
vertical cloud growthb Vnze' much to be desired. The displeooant of
cloud centers, rather ýhan cloud topOji,r IOuced soiuwhat bettor resulte
when dynamic theory is applied but the neceasity for further refinerunt
is quite clear. More rellable ýhe4tc for Iowd based, which in coe-
Junction with heights of cloud tops determine the height of rloud
centers used in the equations, might enhance the reliability of the
dynamic approach. The use of these equations to des-'ewi.ne yield from
observed cloud rise also falU: ohtirt of the desireci accuracy.

The regression equation requires a redeteralnation of it.. c:or-
stants in the light of more recent data which ere considered more
reliable. The introdluction of other atmospheric parametera, e.g.,
moisture advectiom through enLrainment, might result in some further
imp•rovenent. The use of departures from the men.-. for teuzz 1.7
tropopanse height, lapse rates, and rcn' wind in On acturi sou' ,.ng,
may be a better measure of the atmosZiere'sa role ii aeternminig cloud
growth end develormont.
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The use or' a fixed maxi:-l rive for all yielt' :a.' %%r withir
-i'vn ranre does not ceem justified in the light of i. - '-t "
series.

Perhaps one of the moot interecting hurw,:, of th', 'i a- the
Uhi~ all itude shot. The height attained by tha-t oa1~d -8..r
the forecast height. In con•prioui Aith the uoual statil±K/ C .'
stratosphere, the presenoce of relatively unstable oondit.L., a .se
40,000 and 52,000 ft at shot time may also have oontributed wu !.
error in the forecast height. Parododcally, the near absencoe ox
moisture in the stratoexhere should have restricted the apparent size
of the cloud and therefore its aprm~t rise. The former won verified
by cloud volume oOxcptatior, whiich show a deor ,ein ti's appaernt
volume after 0.5 minauLa; however, the latter ceew to have produoe
the roversa effect.

The nmost evinent nwtuovologlcal effect on cloud evolution noticed
during this series wws a, ia,,kpuLZ iufluance of the tropoynuse on
aloud rice. (Aesrflly, attempts to correlate neteorologleal paramters
with cloud height were non-conolusive.

Thin test w'ov&ý that rtivtog'raeotrl, -Athc&l, oc.mot be used for
volumxetric doeerminationo on hiW.h s•l ý.'u or j peaiwn shots. Due to
field difficulties enoountered on Shat 12, the feasibility of using
itotocremotric methods on dayti',, coio shots was not deterAined. The
dominant factor in the failure ow "'.e test was the non-sychronintion
of the camera due to radio siral .slure. .•.Thin "seoluded determining
the effect of the fofloring fact .!.' nn the test: .'" !•ngmntrioae
shape of o•.,d, (2) effect of rapid ".i•ft e•tc at top of aloud, upon
instrumnt projeotion distenues, u±. (3) varidions in density in
diZerent parts of the oloud. Portions of the clod woe of low danity
and contourin would Probably rot he mosible.

AO above-•urst cloud #cotoa awe only of c.rlitatlve use beoause
of oOmAnl~ty of geoimetry.

4.21 =~U. fI MATIONlS

It appears that further study or. exat-ioZ and !Vure cloud data
to necessary Lo clarify 'he 'tnatcs o1f cloud evolution.

AdditioAtl field oporntiorn and preliminary office study, are
reoqired to ,.ove the fec5Mlity of volumetr• a determination by photo-
grewsoetric compilatlon.

The proliminary oifios study ehc'1i Iinclude injroventnt of the
basic plan used on this test and investireiion of possible major chAnges
in proccdure. Iterw to be studied: (1) fIprovesest oa synrhronizstion.
(2) U-e of convergent photograpby, ('ý uwo of phot)o ".eodolitos, (4)
area of cloud that may be compiled fLao ,em model, (5) l.ength of i.otra
base, (6) use of camera tai.gets, (7) .- ientation of camera axin reolative
to drift dirctior, (C) nuaber of os:*e,.1 and Ir.ios to be used, (9) use
of Local lgtbjhs of other than 6 inch, (10) canera station locatiuns,
and (11) eW3fact of sfaety reguaLatiua on tet ;roclo.re.
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